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FILTER

CLAIM FOR PRIORITY

This application is a continuation of and claims benefit
under 35 U.S.C. §120 to U.S. patent application Ser. No.
12/669,463, entitled “Filter,” filed Jun. 21, 2010, which in
turn claims priority under 35 U.S.C. §§365 and 371 to corre-
sponding PCT Application No. PCT/EP2008/058332, filed
Jun. 27, 2008, which in turn claims priority to GB application
number 0713905.8, filed Jul. 17, 2007. The entire contents of
the aforementioned applications are herein expressly incor-
porated by reference.

FIELD OF THE INVENTION

The present invention relates to filters for cigarettes and
other smoking articles.

BACKGROUND

A cigarette typically includes a tobacco rod and a filter
connected to the tobacco rod. The filter is commonly made of
cellulose acetate tow. A smoker ignites one end of the tobacco
rod and draws smoke in through the filter. The filter traps
some of the smoke products produced by the burning tobacco
rod. In some cases, the filter can be arranged to impart addi-
tional characteristics to the cigarette such as flavour.

US patent application US-A-2003/0224918 describes a
device for applying a flavourant bearing element along the
central axis of a cigarette filter during the filter manufacturing
process. The preferred flavoured element is cotton yarn, but
other suggested materials for the flavoured element are cel-
Iulose acetate, rayon, or some other textile or non-textile
materials capable of absorbing a liquid flavourant. UK patent
application GB-B-2020158 describes a similar filter to that
disclosed in US-A-2003/0224918. A thread or tape, for
example cotton sewing thread or rayon, extends along a filter
rod. A flavourant is incorporated into the filter rod.

Although a cotton thread absorbs flavour during manufac-
turing and then imparts flavour during smoking, it does have
certain drawbacks as a flavourant. For example, the cotton
thread may become discoloured as a result of smoke passing
through the filter. One option to avoid such discolouration is
to apply a dye to the cotton thread (where the colour of the dye
would mask any discolouration). However, standard vat dyes
for cotton are primarily intended for use with clothing; they
generally do not have regulatory approval for food products
(or for cigarettes, which are inserted into the mouth). In
addition, the dye applied to cotton material may not be
entirely colour-fast, and may therefore leach into the sur-
rounding filter material. This is especially a problem if the
cotton thread is exposed to a substance which may act as a
solvent.

SUMMARY OF THE INVENTION

One embodiment of the invention provides a filter for a
cigarette or other smoking article. The filter comprises a
porous filter rod having a substantially cylindrical shape, and
a cellulose acetate thread formed from substantially
uncrimped cellulose acetate filaments. The cellulose acetate
thread extends along the filter substantially parallel to the
central cylindrical axis of the filter rod.

The use of cellulose acetate filaments for the central thread
has been found to unexpectedly reduce or eliminate staining
of'the filter by smoke (compared to the use of a central thread
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made of cotton, for example). Having the filter made of
uncrimped filaments is believed to assist with this, since it
allows a tighter and more compact thread to be produced.
Consequently, it is more difficult for the smoke to penetrate
and stain the thread.

In general, the cellulose acetate thread extends along sub-
stantially the whole length of the filter rod. However, in other
embodiments, the cellulose acetate thread may only extend
partway along the length of the filter rod (especially for
example if a multi-segmented filter is being used).

In one embodiment, the porous filter rod comprises cellu-
lose acetate tow (although any other suitable filter material,
e.g. paper, could be used instead). The cellulose acetate tow
comprises a disordered overlapping arrangement of cellulose
acetate filaments. In contrast, the cellulose acetate thread
comprises an ordered arrangement of cellulose acetate fila-
ments arranged substantially parallel to the central cylindrical
axis of the filter rod. The cellulose acetate thread is therefore
structurally distinct from the cellulose acetate tow, and the
filaments of the cellulose acetate thread do not generally
intermingle with those of the cellulose acetate tow.

The porous filter rod generally has a bulk density in the
range 50-150 kg/m>, while the cellulose acetate thread has a
bulk density in the range 400-800 kg/m>. The higher bulk
density of the cellulose acetate thread can help to prevent
staining and discolouration. In one particular embodiment,
the cellulose acetate filaments in the thread are twisted about
an axis aligned with the central cylindrical axis of the filter
rod. The thread has a twist rate in the range 100-200 turns per
meter.

The cellulose acetate thread generally incorporates a fla-
vourant, such as menthol, or any other desired additive. In one
particular embodiment, the filter comprises multiple cellu-
lose acetate threads extending substantially parallel with the
central cylindrical axis of the filter rod. These different
threads may be separate from one another or twisted together
into a single fibre. The different threads can be used to incor-
porate different flavourants.

In one embodiment, the cellulose acetate thread includes a
pigment to impart colour to the thread. The pigment is incor-
porated directly into the material of the thread filaments at
manufacture. This avoids the danger of colour leaching (in
contrast to the situation with a cotton thread, where a dye can
only be applied to the surface of the cotton, and is therefore
susceptible to leaching).

In some embodiments, the cellulose acetate thread has a
different colour from the porous filter rod. This colour con-
trast makes it easier for a machine control system to ensure
that the thread is correctly placed within the filter rod, and
may also be used for aesthetic and/or branding purposes. One
possibility is that the particular pigment or colour used for a
given thread may be used to indicate the flavour incorporated
into the thread. For example, a green thread might be used to
indicate a menthol flavourant.

In one embodiment, the cellulose acetate thread incorpo-
rates a plasticiser such as triacetin. The plasticiser can help the
cellulose acetate filaments of the main filter rod to bond with
the cellulose acetate filaments of the cellulose acetate thread
(exploiting the fact that both the main filter rod and the cel-
Iulose acetate thread are formed from a synthetic material).
This helps to retain the cellulose acetate thread in the correct
position in relation to the filter rod.

In one embodiment, the cellulose acetate thread extends
along the central cylindrical axis of the filter rod. This
arrangement helps to provide a uniform distribution/disper-
sion of any flavourant incorporated into the filter. In another
embodiment, there are multiple cellulose acetate threads
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extending along the filter substantially parallel to the central
cylindrical axis of the filter rod. These multiple cellulose
acetate threads may be arranged in a symmetric pattern about
the central cylindrical axis of the filter rod, again to provide a
substantially uniform dispersion of flavourant through the
filter. Note that providing multiple threads in the filter can be
used to increase total loading of flavourant within the filter, or
to reduce the loading of flavourant per filter (which may assist
with manufacturing, product storage, etc).

Another embodiment of the invention provides a filter fora
cigarette or other smoking article. The filter comprises a
porous filter rod having a substantially cylindrical shape, and
a cellulose acetate thread formed from cellulose acetate fila-
ments that include a pigment. The cellulose acetate thread
extends along the filter substantially parallel to the cylindrical
axis of the filter rod. The pigment can be used to impart a
colour to the cellulose acetate thread, for example to assist
with checking the positioning of the thread within the filter
during manufacture.

This embodiment may benefit from the same features as
described above in relation to the previous embodiments.

Another embodiment of the invention provides a filter fora
cigarette or other smoking article. The filter comprises a
porous filter rod having a substantially cylindrical shape, and
a cellulose acetate thread formed from cellulose acetate fila-
ments. The cellulose acetate thread incorporates a plasticiser
and extends along the filter substantially parallel to the central
cylindrical axis of the filter rod.

This embodiment may benefit from the same features as
described above in relation to the previous embodiments.

Another embodiment of the invention provides a filter fora
cigarette or other smoking article. The filter comprises a
porous filter rod formed from cellulose acetate filaments and
having a substantially cylindrical shape. The filter further
comprises a cellulose acetate thread formed from cellulose
acetate filaments that extend along the filter substantially
parallel to the central cylindrical axis of the filter rod. The
porous filter rod has a bulk density in the range 50-150 kg/m?,
while the cellulose acetate thread has a bulk density in the
range 400-800 kg/m>. The higher bulk density of the cellulose
acetate thread can help to prevent staining and discolouration.

This embodiment may benefit from the same features as
described above in relation to the previous embodiments.

Another embodiment of the invention provides a method of
making a filter for a cigarette or other smoking article. The
method comprises forming a cellulose acetate thread from
substantially uncrimped cellulose acetate filaments. The
method further comprises inserting the cellulose acetate
thread into a porous filter rod having a substantially cylindri-
cal shape, such that the cellulose acetate thread extends along
the filter substantially parallel to the central cylindrical axis of
the filter rod.

Another embodiment of the invention provides a method of
making a filter for a cigarette or other smoking article. The
method comprises forming a cellulose acetate thread from
cellulose acetate filaments together with a pigment. The
method further comprises inserting the cellulose acetate
thread into a porous filter rod having a substantially cylindri-
cal shape, such that the cellulose acetate thread extends along
the filter substantially parallel to the central cylindrical axis of
the filter rod.

Another embodiment of the invention provides a method
for making a filter for a cigarette or other smoking article. The
method comprises applying plasticiser to a cellulose acetate
thread formed from cellulose acetate filaments. The method
further comprises inserting the cellulose acetate thread into a
porous filter rod having a substantially cylindrical shape, such
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that the cellulose acetate thread extends along the filter sub-
stantially parallel to the central cylindrical axis of the filter
rod. The plasticiser may migrate from the thread to the porous
filter rod, thereby helping to bind the two together.

These method embodiments may benefit from the same
features as described above in relation to the other embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described by way of example only with reference to the
accompanying drawings where like parts are provided with
corresponding reference numerals and in which:

FIG. 1 provides a schematic diagram of a filter according to
one embodiment of the present invention.

FIG. 2 is a schematic diagram of the arrangement of fila-
ments in the main filter rod of FIG. 1 in accordance with one
embodiment of the present invention.

FIG. 3 is a schematic diagram of the arrangement of fila-
ments in the central thread of FIG. 1 in accordance with one
embodiment of the present invention.

FIG. 4 is a cross-section through the filter of FIG. 1 accord-
ing to one embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 shows a cigarette filter 1 in accordance with one
embodiment of the present invention. The cigarette filter 1
comprises a wrapper layer 2 which may comprise a single
layer or a plurality of layers, a main filter rod 3 formed of
cellulose acetate tow, and a cellulose acetate (CA) thread 4
located along the central axis of the filter rod. Note that the use
of cellulose acetate (rather than cotton) for thread 4 assists
with regulatory approval for filter 1, since cellulose acetate is
already widely used in filters (as cellulose acetate tow),
whereas cotton is not commonly used in such filters.

The filter rod 3 is formed from cellulose acetate filaments
that are crimped, stretched and then assembled to form a
porous matrix having a chaotic, amorphous structure (see
FIG. 2). This disordered structure provides a porous material,
where the multiple filaments provide a large (internal) surface
area to enhance the retention of smoke particles as smoke
passes through the filter.

The crimp ratio (CR) of a fibre is a measure of the amount
of crimping in a fibre and is defined as the ratio of the length
(L1) of the uncrimped fibre to the length (I.2) of the crimped
fibre (the former being measured by extending the fibre under
load). The higher the crimp ratio, the greater the amount of
crimping, and hence the greater the reduction in length of the
crimped fibre from its original (uncrimped) length. The crimp
ratio can also be expressed as a percentage, known as the
crimp index (CI), defined as 100*((L1-L2)/L.2) (so that
CI-100*(CR-1)).

The cellulose acetate filaments used in filter rod 3 are
generally initially prepared with a high crimp ratio of perhaps
3-4.These filaments are then stretched during the filter manu-
facture, so that the crimp ratio of the filaments in the cellulose
acetate tow within the filter itself is typically 1.25-1.4. The
crimping helps to bulk out the tow material, as well as giving
it the desired disordered structure shown in FIG. 2.

The cellulose acetate filaments used in filter rod 3 generally
have a denier of approximately 1-8, with 2-3 being most
common (1 denier represents a mass of 1 /9000 m). The total
denier of the filter rod 3 is given by the denier of the individual
filaments multiplied by the number of filaments included
within the rod, and is generally within the range 15,000-50,
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000 for cigarette filters; most commonly about 32,000. This
corresponds to a typical density of about 50-150 kg/m? for a
standard sized filter for a cigarette.

As shown in FIG. 1, the filter rod 3 includes centrally
located CA thread 4, which may be used to impart additional
characteristics such as flavour to the cigarette. In particular,
the CA thread 4 may be used to incorporate a flavourant or
other additive for the filter 1 (and cigarette). The flavourant is
generally carried in a solvent such as propylene glycol or
triacetin. The central location of CA thread 4 within the filter
rod 3 helps to produce a uniform dispersal of the flavourant.
However, in other embodiments, the CA thread 4 may have an
off-centre location with the filter rod 3.

The CA thread 4 is formed from substantially continuous
cellulose acetate filaments, as for the cellulose acetate tow,
but the processing is different. The filaments forming the CA
thread do not undergo crimping. In addition, the filaments of
the CA thread are wound or twisted in a regular pattern to
produce an ordered structure (see FIG. 3). In one embodi-
ment, the rate of twisting of the filaments within the CA
thread is approximately 100-200 turns per meter. (Note that
although FIG. 3 illustrates one particular twisting pattern,
other types of twisting pattern could also be used for the CA
thread 4).

A comparison of the tow material of FIG. 2 with the CA
thread 4 of F1G. 3 shows that the paths of the cellulose acetate
filaments within the main filter body are random and chaotic
(and untwisted), such that there is no real directionality along
the length of the filter. In other words, within a small portion
of'the tow material, the direction of the filaments is essentially
random with respect to the main axis of the filter. In contrast,
the paths of the cellulose acetate filaments within the thread
are aligned and ordered, generally in a twisted or helical
configuration, with clear directionality along the length of the
filter (i.e. the axis of the helix is aligned with the main axis of
the filter).

The filaments in the CA thread 4 may have a higher denier
value compared with the material of the main filter rod. For
example, in one embodiment, the filaments in CA thread 4
have a denier value of approximately 4, while in another
embodiment the filaments in CA thread 4 have a denier value
of approximately 7. A higher denier results in a thicker fila-
ment.

The total denier of the thread 4 is generally in the range
1000-5000, for example, 3000. Bearing in mind the relatively
small size of the CA thread 4 compared to the filter rod 3, this
implies a higher density for the CA thread of approximately
400-800 kg/m®. This higher density is in part due to the higher
denier per filament, and also due to the tighter packing of the
uncrimped, ordered filaments within the CA thread 4 (com-
pared to the looser and disordered packing of the crimped
filaments within the tow material). The higher density of the
CA thread 4 compared to the tow material of the main filter
body 3 may assist the CA thread 4 in resisting staining by
smoke.

Note that after assembly of the filter 1, the thread 4 and the
main filter body 3 remain structurally distinct from one
another within the filter 1. Thus FIG. 4 depicts a cross-section
through filter 1, showing the central thread 4 surrounded by an
annulus of the main filter rod 3, which is in turn surrounded by
the plug wrap 2. Filaments of cellulose acetate within the
central thread 4 generally remain within this central thread
along the length of the filter; they do not transgress into the
main filter rod 3. Likewise, cellulose acetate filaments within
the main filter rod 3 generally remain within this main filter
rod and do not transgress into the central CA thread 4. Note
that this is despite the fact that the path of a given cellulose
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acetate filament in the main filter rod may wander over a
substantial portion of the annulus of the main filter rod.

Thus it can be imagined that there is a boundary between
the central thread 4 and the main filter rod 3. The cellulose
acetate filaments in the central thread 4 and the main filter rod
3 generally do not cross this boundary, although they may
contact one another at the boundary.

In the embodiment of FIG. 1, the thread 4 extends the
whole length of the filter 1, in other words from the mouth end
to the tobacco rod end. Accordingly, the thread 4 is generally
visible to a consumer at the mouth end. Note that having the
CA thread 4 extend the length of the filter assists in manufac-
turing, since it allows the filters to be readily produced as one
long rod in a continuous process. In particular, the cellulose
acetate tow and the CA thread can be supplied without inter-
ruption to form the continuous rod, which can then be seg-
mented into filters for individual cigarettes as required.

It has been found that the CA thread 4 in filter 1 does not
generally suffer from discolouration when a cigarette is
smoked. This unexpected result is believed to be due to the
increased density and ordered structure of the CA thread,
which may prevent the smoke particles from penetrating (and
hence staining) the CA thread 4. It will be appreciated that the
absence (or reduced level) of discoloration is visible to a
consumer, and may be perceived as a mark of improved
quality (where the CA thread 4 extends to the mouth end of
the filter 1, as shown in FIG. 1).

In one embodiment, the CA thread 4 is coloured. As cel-
Iulose acetate is formed using a synthetic process (albeit from
natural products), one or more pigments can be incorporated
into the cellulose acetate filaments as they are produced. Such
pigments in effect become part of the substrate of the mate-
rial, in contrast to dyes, which are applied to the surface of a
material. Consequently, the pigments incorporated into the
CA thread 4 cannot leach (they are colour-fast), unlike those
applied to a cotton yarn.

Some of the pigments that may be used to colour the CA
thread are already approved for use in food products (such as
tartrazine yellow or E102). This makes it much easier from a
regulatory perspective to use such pigments in cigarette fil-
ters. In addition, having a wider range of available pigments
provides a greater choice (and control) of the colour applied
to the CA thread 4.

In most filters, the cellulose acetate tow of the main filter
rod 3 incorporates a white pigment (e.g. titanium dioxide).
The CA thread 4 may also be coloured white to match the rest
of the filter rod, or alternatively the CA thread 4 may have a
different colour from the main filter rod. There are potential
benefits in having contrasting colour for the CA thread 4
compared to the main filter rod. For example, different
colours for the CA thread 4 may be used to indicate different
flavourants in the cigarette, e.g. green for menthol, etc.

In addition, the ready visibility of the CA thread 4 serves as
a deterrent to potential counterfeiters. Thus any counterfeit
cigarettes must also include the central thread (otherwise they
would be readily detected by consumers). However, this
raises the manufacturing complexity and costs for the poten-
tial counterfeiters compared to making a filter just out of
conventional cellulose acetate tow.

Furthermore, in a current implementation, the difference in
colour between the filter rod 3 and the CA thread 4 allows a
machine vision system to confirm automatically that the CA
thread 4 is present and correctly positioned along the central
axis of the filter 1. This is an important quality control param-
eter for the manufacturing process—if the CA thread is oft-
centre in the filter 1, this might impact the flavour-dispersal
properties.
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A further benefit of using cellulose acetate rather than
cotton for the central thread is that a CA thread is less sus-
ceptible than cotton or many other materials to changes in
length. For example, cotton is relatively elastic. If cotton yarn
is used as a central element in a filter rod, the cotton may be
held under tension during the manufacturing process. When
the filter rod is cut into segments and the tension therefore
released, the cotton may return to its original length, and so
retract into the body of the filter rod. In this case, the cotton
may no longer be visible at the ends of the filter, and hence
cannot be used by a machine vision system to confirm the
positioning of the central element. Forming the central thread
out of cellulose acetate, which is less elastic than cotton, helps
to avoid such problems by reducing any change in length of
the central thread during manufacture.

In known filters (with or without a central thread), it is
common to use a plasticiser, such as triacetin (1,2,3-triacetox-
ypropane), to bind the cellulose acetate filaments in the filter
material via cross-linkage. This results in a more robust filter
material that can be cut more cleanly. Such a plasticiser how-
ever has little or no effect on cotton (which is a natural fibre).
As a result, there is little if any binding or cross-linkage
between a central thread made of cotton yarn and the sur-
rounding cellulose acetate tow of the main filter rod. This
leads to the risk that if the central thread is made of cotton, it
may become displaced or separated from the filter, for
example during the manufacturing process, or as the result of
manipulation by the consumer. This in turn will generally
degrade delivery of the flavourant (as well as being perceived
by consumers as a potential quality defect).

In contrast, any triacetin or other plasticiser applied to the
filter can help to bind the CA thread 4 to the cellulose acetate
tow ofthe main filter rod 3. In particular, the triacetin interacts
with the filaments of cellulose acetate in the CA thread 4 in
substantially the same manner that it interacts with the fila-
ments of cellulose acetate in the tow material of the main filter
rod 3. This can then lead to improved binding between the CA
thread 4 and the cellulose acetate tow of the main filter rod 3,
thereby helping to retain the CA thread 4 at its proper central
position within the filter 1.

In one embodiment, triacetin is applied to just the cellulose
acetate tow of the main filter rod 3 (as for a conventional
filter), and this triacetin is then allowed to migrate into the CA
thread 4. However, itis believed that a stronger binding can be
obtained by applying the triacetin directly to the CA thread 4
itself (with or without also applying the triacetin to the tow
material as well). In one embodiment, triacetin is used as a
solvent for the flavourant that is applied to the CA thread 4,
from where the triacetin can migrate to the tow material.

In some embodiments, more than one thread (e.g. 2, 3, 4 or
5 threads) may be used to provide the central flavour element.
The multiple threads may all be same as one another (e.g.
have a common thickness) or may be different from one
another. The threads may be wound together to create a larger
fibre or yarn, or alternatively the different threads may be kept
separate (whether adjacent to one another or separated from
one another). Providing multiple threads within the filter may
be used to reduce the loading of flavourant per thread (which
may assist with manufacturing, product storage, etc). Alter-
natively, having multiple threads in the filter can be used to
increase the total loading of flavourant within the filter. A
further possibility is that different threads may be provided
with different flavourants or other additives (the different
threads may be coloured differently to indicate this fact).

In some embodiments, the different threads may be located
in positions so as to provide a configuration within the filter
that is symmetric about the central longitudinal axis of the
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filter. This can help to produce a uniform dispersal or distri-
bution of flavourant within the filter.

Various modifications may be made to the embodiments
herein before described without departing from the scope of
the invention. For example, different filaments of the same
thread may have different colouring or thickness. Accord-
ingly, the scope of the invention is defined by the appended
claims.

The invention claimed is:

1. A filter for a cigarette or other smoking article compris-
ing:

a porous filter rod having a substantially cylindrical shape,

and

a cellulose acetate thread formed from cellulose acetate

filaments, the cellulose acetate thread extending along
the filter substantially parallel to the central cylindrical
axis of the filter rod and configured to prevent staining
and discoloration of the filter,

wherein the porous filter rod has a bulk density in the range

50-150 kg/m? and the cellulose acetate thread has a bulk
density in the range 400-800 kg/m®.

2. The filter according to claim 1, wherein the cellulose
acetate thread extends along substantially the whole length of
the filter rod.

3. The filter according to claim 1, wherein the porous filter
rod comprises a cellulose acetate tow.

4. The filter according to claim 3, wherein the cellulose
acetate tow comprises a disordered overlapping arrangement
of cellulose acetate filaments and the cellulose acetate thread
comprises an ordered arrangement of cellulose acetate fila-
ments extending substantially parallel to the central cylindri-
cal axis of the filter rod, such that the cellulose acetate thread
is structurally distinct from the cellulose acetate tow.

5. The filter according to claim 1, wherein the cellulose
acetate filaments of the cellulose acetate thread include a
pigment.

6. The filter according to claim 5, wherein the cellulose
acetate thread has a different color from the porous filter rod.

7. The filter according to claim 1, wherein the cellulose
acetate thread incorporates a plasticizer.

8. The filter according to claim 1, wherein the cellulose
acetate filaments in the thread have a twist rate in the range
100-200 turns per meter.

9. The filter according to claim 1, wherein the cellulose
acetate thread extends along the central cylindrical axis of the
filter rod.

10. The filter according to claim 1, wherein multiple cel-
Iulose acetate threads extend along the filter parallel to the
central cylindrical axis of the filter rod, and wherein said
multiple cellulose acetate threads are arranged in a symmetric
pattern about the central cylindrical axis of the filter rod.

11. The filter according to claim 1, wherein the cellulose
acetate thread is formed from substantially uncrimped cellu-
lose acetate filaments.

12. The filter according to claim 1, wherein the filter is a
component within a smoking article comprising a tobacco
rod.

13. A smoking article comprising a tobacco rod and the
filter according to claim 1.

14. A method of making a filter for a cigarette or other
smoking article comprising:

forming a cellulose acetate thread from cellulose acetate

filaments; and

inserting the cellulose acetate thread into a porous filter rod

having a substantially cylindrical shape, such that the
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cellulose acetate thread extends along the filter substan-
tially parallel to the central cylindrical axis of the filter
rod,

wherein the porous filter rod has a bulk density in the range
50-150 kg/m> and wherein the cellulose acetate thread 5
has a bulk density in the range 400-800 kg/m> and is
configured to prevent staining and discoloration of the
filter.

15. The method according to claim 14, wherein the cellu-

lose acetate filaments include a pigment. 10

#* #* #* #* #*
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